Campylobacter spp. have been recognized as a cause of septic abortion, infectious infertility, and diarrhea in cattle and sheep (25) . Abortions in cattle can be caused by Campylobacter fetus subsp. veneralis or C. fetus subsp. fetus; however, C. jejuni and C. coli are also recognized as causal agents of abortions (18, 36) . C. hyointestinalis was reported as a cause of ileitis in pigs (12) , bovine diarrhea (6) , and human gastroenteritis (14) . C. jejuni and C. coli can be found in the rumens and small intestines of normal calves and adult cattle, so that the bacteria are considered commensal in cattle (29) .
Campylobacter was not recognized as a cause of human enteritis until the mid-1970s, when selective isolation media were developed for human stool culture. At present, campylobacteriosis is the most commonly reported human bacterial gastroenteritis in the United States, and the majority of infections are with C. jejuni (21) . The incidence of laboratory-diagnosed campylobacteriosis was 15.7 per 100,000 person-years in FoodNet surveillance sites (5) , and an estimated 2 to 2.4 million infections occur in the United States each year (9) . Though antimicrobials are not essential for the treatment of most routine human cases of campylobacteriosis, severe or prolonged cases are usually treated with fluoroquinolone or erythromycin. Resistance to ciprofloxacin in human isolates of C. jejuni is reportedly increasing (1, 10, 28) .
The majority of sporadic cases of Campylobacter infections are foodborne, and undercooked poultry is the most likely source of infections (9, 24) . Contaminated water and unpasteurized milk are common sources of outbreaks; 9 percent of bulk tank milk was found to be culture positive for C. jejuni in a study of 131 dairy herds in South Dakota and Minnesota (16) . Critical control points are largely unknown for reducing preharvest Campylobacter prevalence. Most animal-specific factors (age, gender, breed, etc.) are not amenable to intervention. Herd-level management factors (bedding, sanitation, feeding, stocking rate, etc.) can often be changed, albeit sometimes only with considerable investment in labor and physical facilities. The influence on Campylobacter prevalence of the management factors that constitute "organic dairy production" has not heretofore been investigated.
Organic dairy milk production has been previously described (27) . Organic farms in Wisconsin usually graze their cattle during the warm season and do not use hormones, herbicides, insecticides, or anthelmintics, and no antibiotics are permitted for 1 year before milk is marketed. This antibiotic restriction means that dairy calves may receive antibiotics, but antibiotic usage for calves is reportedly very low due to the overall management philosophy of these farmers. It is not known to what extent the management practices embodied in the organic approach may lead to a lower rate of antimicrobial resistance among Campylobacter isolates from cattle on these farms.
We used Campylobacter spp. as indicator bacteria to estimate the spread of antimicrobial resistance determinants in the farm environment and as a means to reveal and reflect the ecological effect of antimicrobial selective pressure on the farm microbial community. The objective of the study was to describe the prevalence and antimicrobial resistance patterns of Campylobacter spp. in healthy calves and cows in organic and conventional dairy farms in Wisconsin.
MATERIALS AND METHODS
Data and fecal sample collection. Cattle fecal samples and management and production data were collected from 30 organic dairy farms and 30 conventional farms in Wisconsin. The organic farms were from an association of about 325 organic dairy farms. All organic farms were certified by an approved certification agency as not using antimicrobials for cows for at least 3 years (mean ϭ 8.0 years) before the start of our study. For each organic farm selected, the nearest conventional dairy farmer (in sequence of geographical proximity) was asked to serve as a control farm. All herds were visited twice: once in March and once in September.
Management and production information was collected at the first visit by using an orally administered questionnaire. Questions and investigator observations regarded milk production, milking practices, housing, grazing, incidence of the major diseases, medical treatments, and other management factors. Also at each visit, environmental and animal sanitation was assessed with a subjective score for cow cleanliness and the amount of moisture and manure in the bedding and exercise areas, as previously described (3) .
At each of the two visits, fecal specimens were collected from five lactating cows and five calves (under approximately 6 months of age). Animals were excluded if they had obvious diarrhea or were under treatment for another illness. Adult cows were sampled by walking among the cows and waiting for one to defecate. The fresh fecal sample was taken from the freshly voided fecal pile, taking care to not contact the ground beneath. Fecal samples were obtained from calves when they defecated following anal stimulation. A sterile latex glove was used for each specimen to avoid cross-contamination. Approximately 5 g of fecal sample was collected and placed in a Cary-Blair transport media tube (Medical Chemical Corp., Torrance, Calif.). The specimens were kept on ice and mailed to the Michigan Department of Community Health by overnight courier service for processing within 32 h from the time of sampling.
Bacteria isolation. The fecal samples from the Cary-Blair tube were streaked directly on Campy blood agar (REMEL, Lenexa, Kans.). The inoculated plates were incubated under a microaerophilic atmosphere (Campy-Pak; BBL Microbiology Systems, Cockeysville, Md.) at 37°C for 48 h. One typical colony was selected and identified by testing by Gram stain, microscopic cell morphology, catalase production, oxidase production, and hippurate hydrolysis in accordance with the standard methods at the Michigan Department of Community Health (21) .
Antimicrobial susceptibility testing. Bacterial isolates were tested for resistance using gradient disk diffusion MIC to ciprofloxacin (0.002 to 32.0 g/ml), erythromycin (0.016 to 256 g/ml), gentamicin (0.016 to 256 g/ml), and tetracycline (0.016 to 256 g/ml) by Etest (AB Biodisk, Piscataway, N.J.). Sample bacteria were streaked from the frozen stock onto 5% sheep blood agar plates (REMEL) and incubated for 48 h at 37°C under a microaerophilic atmosphere. The colonies were restreaked to new sheep blood agar and incubated for another 24 h to allow recovery after being frozen. The subcultured colonies were examined for purity and emulsified in 4 ml of Mueller-Hinton broth, adjusting the turbidity to that of a 1.0 McFarland standard. The suspension was then inoculated evenly on 150-mm Mueller-Hinton agar plates supplemented with 5% defibrinated sheep blood (REMEL) by swabbing evenly in accordance with the Etest manufacture's instructions. Etest strips containing ciprofloxacin, gentamicin, erythromycin, and tetracycline were placed on the surface of agar plate in a radial pattern with the lowest concentration toward the center. The plates were incubated for 72 h at 37°C under the microaerophilic conditions, and the MICs were read directly from the test strip point where the growth inhibition zone intersected with the test strip, in accordance with the manufacturer's instruction. Quality control was performed daily using C. coli, ATCC 33559.
Since no breakpoints for the MIC for Campylobacter were defined by the NCCLS, our test results were dichotomized based on the breakpoints used by the National Antimicrobial Resistance Monitoring System: for ciprofloxacin, Ն4 g/ml; for gentamicin, Ն16 g/ml; for erythromycin, Ն8 g/ml; and for tetracycline, Ն16 g/ml (31) .
Statistical analysis. The prevalence of Campylobacter spp. in herds was analyzed using a generalized linear model with logit link function, based on the binomial distribution. The outcome variable was Campylobacter negative (0) or positive (1) . Explanatory (independent) variables were farm type (organic or conventional), cow or calf, season, herd size (number of milking cows), purchase of animals during the past year (yes or no), grazing intensity during summer (no grazing, little grazing, or intensive grazing), abortion rate (per 100 cows/year), metritis rate, retained placenta rate (retained over 12 h after calving), calf population, calf mortality rate, and calf diarrhea rate. "Farm" was included as a random effect variable with an independent correlation matrix.
A regression model (generalized linear model with logit link function) was used to estimate the effect of farm type, animal age, and season on the prevalence of antimicrobial agent-resistant bacteria. The data were also analyzed using a proportional odds model with a generalized estimating equation. The proportional odds model with a generalized estimating equation provides a method for analyzing an ordinal-level repeated dependent variable and several categorical and continuous-level explanatory variables with fixed or random effects (30) . Farm type, season, and animal age were included as fixed effects, and the farm was included as a random effect. All statistical analysis was performed using SAS statistical software (version 8.02; SAS Institute, Cary, N.C.).
RESULTS
The organic dairies had converted to organic farming methods at least 3 years before the initiation of our study (mean ϭ 8.0 years). Organic farmers indicated that no antimicrobials were used for cows on their dairy farms, but four organic farmers reported using antimicrobials for calves if they had serious diarrhea or pneumonia. In 26 of the 30 conventional dairy herds, cows routinely received antimicrobial infusions into the udder at the cessation of each lactation cycle ("drycow treatment"). Cephapirin or penicillin was used most for this purpose. Eighteen conventional dairy producers reported using infusion of antimicrobials into the udder for the treatment of clinical mastitis. For severe cases of clinical mastitis, eight conventional dairy producers used systemic antimicrobials.
A total of 332 Campylobacter spp. isolates were obtained from 1,191 fecal specimens (27.9%). A total of 234 (70.5%) were identified as C. jejuni on the basis of the hippurate test (72.9% of the organic isolates and 68.2% of the conventional isolates). The rest of the isolates were not identified to the species level but were presumed to be primarily C. coli. No Campylobacter isolates were obtained from one conventional farm or from three organic farms; thus, 6.7% of farms were culture negative. On the 56 Campylobacter-positive farms, 5 to 70% of the collected specimens were culture positive. The prevalence was significantly higher in calves (32.7%) than in cows (23.2%) and significantly higher in March (36.8%) than in September (18.9%) ( Table 1) .
There was no significant difference in Campylobacter prevalence between organic and conventional farms in the multivariate analysis (P ϭ 0.5253) (Tables 2 and 3 ). Rates of retained placenta, pneumonia incidence rate, and abortion were positively associated with Campylobacter prevalence, whereas herd size (number of lactating cows and dry cows) and mastitis rate were negatively associated with Campylobacter prevalence (P Only two isolates of Campylobacter spp. from geographically distant conventional dairy herds were resistant to ciprofloxacin (MICs of Ͼ32 and 24 g/ml). For the other 330 isolates, MICs were between 0.012 and 0.25 g/ml. None of the 332 isolates was resistant to gentamicin or erythromycin. The ranges of MICs were 0.047 to 2 g/ml for gentamicin and 0.047 to 4 g/ml for erythromycin (Table 4) . A total of 148 isolates resistant to tetracycline were obtained ( Table 4) .
The analysis of the dichotomized tetracycline resistance data indicated a higher prevalence of resistant Campylobacter spp. among calf isolates than among cow isolates (P ϭ 0.0419), with the estimated odds ratio (OR) of 1.81 (1.0221 Ͻ OR Ͻ 3.2059). Farm type (organic or conventional) and season of specimen collection were not significant predictors of tetracycline resistance (P ϭ 0.4971 and 0.1729, respectively). The proportional odds model analysis using all antimicrobial dilution levels did not find a significant difference of MIC distributions for tetracycline between the two types of farm (Fig. 1) . For ciprofloxacin, gentamicin, and erythromycin resistance, the proportional odds model found no significant effect on MIC distribution by farm type (organic or conventional), animal age, or season of specimen collection.
DISCUSSION
The estimation of Campylobacter spp. prevalence may be affected by factors such as location, season, use of transport medium, time before processing, use of enrichment media, and a The dashed lines indicate the NARMS breakpoints (Ciprofloxacin, Ն4 g/ ml; Gentamicin, Ն16 g/ml; Erythromycin, Ն8 g/ml; and Tetracycline, Ն16 g/ml). the use of various isolation methods (media, temperature, atmosphere, and time). The selection of farms in the present study was not random but rather constituted a cluster of organic herds and neighboring conventional herds in a particular region of Wisconsin. The fecal samples were collected from presumably healthy cows and calves, after having excluded animals with obvious diarrhea or that were under treatment for some other disease. This selection strategy may have resulted in lower measures of Campylobacter spp. prevalence in our study than in other studies, if cows with diarrhea are more likely to have been infected with Campylobacter spp. It has been reported that the Campylobacter spp. isolation rate was decreased approximately 16% by storing feces at 4°C for 24 h (17), and our samples took 24 to 36 h to be transported to the laboratory. However, the Cary-Blair transport medium with ice packs should have enabled Campylobacter spp. to maintain sufficient viability (19, 34, 35) .
The enrichment techniques are beneficial for the detection of Campylobacter spp. when present at low concentrations. Perhaps our measured prevalence estimate would have been higher had we used an enrichment technique (4, 20) . Nielsen (23) found 9 out of 77 positive samples were positive only after growth in enrichment broth. We used a Campy blood agar plate, which contains cephalothin, polymyxin B, vancomycin, trimethoprim, and amphotericin B. The culture medium is optimized for C. jejuni and C. coli but not for other Campylobacter spp. in cattle. C. jejuni subsp. doylei, C. fetus subsp. fetus, C. upsaliensis, and C. hyointestinalis are known to be inhibited by cephalothin (21) . Though we used an incubation temperature of 37°C, other studies of Campylobacter spp. used an incubation temperature of 42°C to optimize the growth of thermophilic Campylobacter species, such as C. jejuni, C. coli, or C. lari, with the decreased ability to isolate nonthermophilic species (C. fetus and C. jejuni subsp. doylei). The incubation temperature of 37°C may have resulted in a lower prevalence of Campylobacter in our study. Atabay and Corry (2) used three kinds of media, an enrichment technique, a membrane filtration technique, and three different incubation temperatures. They found 62% overall prevalence in 136 cattle in three farms in the United Kingdom. The major species in their study were C. hyointestinalis (32%), C. sputorum bv. paraureolyticus (21%), C. fetus subsp. fetus (11%), and C. jejuni subsp. jejuni (7%). Giacoboni et al. (13) also found C. fetus subsp. fetus in 17% of cattle and C. hyointestinalis in 19% of cattle, whereas the dominant species was C. jejuni, found in 29% of 94 cattle in Japan. Our study design emphasized the isolation of C. jejuni and C. coli, which are species of public health importance.
A higher prevalence of Campylobacter spp. was found on dairy farms in March than was found in September, and the prevalence was higher for calves than for cows. These observations generally agreed with those of previous populationbased studies (23, 37) . The housing and grazing styles in our study were very different between organic and conventional dairy herds. Free stalls were used for nine conventional herds, in contrast to being used for only four organic herds. Half of the organic herds (15 farms) applied intensive grazing during summer, whereas only two conventional herds used intensive grazing. We saw no evidence that use of antimicrobials on dairy farms had any effect on Campylobacter spp. prevalence, since farm type was not significantly associated with prevalence Resistance to antimicrobials in Campylobacter spp. It is known that C. jejuni and C. coli have different susceptibility profiles (11) . However, resistance traits are known to be readily transferred among species of Campylobacter (32), so a separate analysis for each species of Campylobacter was inadvisable given the ecological nature of our objectives regarding the use of Campylobacter spp. as an indicator of antimicrobial selective pressure on the entire bacterial community.
Agar disk diffusion, broth dilution, agar dilution, and gradient disk diffusion (Etest) have commonly been used to determine Campylobacter susceptibilities in vitro. The agar dilution test was recently set by NCCLS as a reference standard susceptibility testing method for veterinary isolates of Campylobacter spp. (22); however, the agar dilution test is costly in both time and supplies and therefore is not ideal for most surveillance purposes. Ge et al. (11) reported that MICs measured with the Etest were generally lower than the results obtained with the agar dilution method. The agreement (Ϯ1 dilution range) of MICs between two test methods depended on the antimicrobials used: ciprofloxacin (85%), gentamicin (92.6%), erythromycin (65.6%), and tetracycline (57.7%). The Etest MIC results for the quality control strain (C. jejuni ATCC 33560) were consistently one to several dilutions lower than the corresponding agar dilution results. Huang et al. (15) also compared the Etest method with the agar dilution method and reported slightly lower MICs with the Etest than with the agar dilution. The percent agreement (Ϯ1 dilution range) were 90.4% for ciprofloxacin, 83.0% for gentamicin, 94.1% for erythromycin, and 77.5% for tetracycline. In our study, any bias due to the testing procedure should not have affected our comparison between organic and conventional farms. Any such systematic error or bias would have been a nondifferential misclassification bias that would have equally affected the organic and conventional farms (26) . However, direct comparisons of MICs obtained from different methods should be interpreted with caution.
We isolated two ciprofloxacin-resistant Campylobacter spp. from conventional dairy farms. Fluoroquinolone is not commonly used in the dairy industry. Sarafloxacin was approved in the United States for poultry in 1995, but the approval was withdrawn in 2001 (8) . The Center for Veterinary Medicine of the Food and Drug Administration proposed to withdraw approval of enrofloxacin for poultry use because of the possible transfer of fluoroquinolone-resistant Campylobacter spp. from poultry to humans (7) . Though the use of enrofloxacin in beef cattle is approved for treatment of bovine respiratory disease, the extralabel use of any fluoroquinolones on dairy cattle has been clearly prohibited by the Food and Drug Administration. The resistance to fluoroquinolone is rendered by (i) decreased permeability of the bacterial cell wall; (ii) increased efflux pump activity; and (iii) mutation of the DNA gyrase. Thus, the decreased permeability and/or the increased efflux pump can also confer resistance to other antimicrobial agents, such as tetracycline (33) . Since our ciprofloxacin-resistant Campylobacter spp. were not resistant to the other three antimicrobials, it is speculated that the resistant isolates arose by point mutation.
Conclusions. The prevalence of Campylobacter spp. was not significantly different between organic and conventional dairy farms in Wisconsin. Campylobacter prevalence was significantly higher in March than in September, higher in calves than in cows, and higher on smaller farms than on larger farms. Rates of retained placenta, pneumonia, and abortion were positively associated with the Campylobacter spp. prevalence. The proportion of tetracycline-resistant Campylobacter spp. was higher in isolates derived from calves. The prevalence of resistance to ciprofloxacin, gentamicin and erythromycin was very low. We saw no evidence that restricted antimicrobial use on dairy farm had any association with antimicrobial resistance to ciprofloxacin, gentamicin, erythromycin, and tetracycline in Campylobacter spp.
